Abstract. The role of the residues inside the active cavity of metalloproteins can be investigated by using the metal ion itself as a spectroscopic probe. 
INTRODUCTION
Recently the interest of inorganic biochemists has moved to consider the role played by those aminoacidic residues not directly bound to the metal center in metalloproteins but located in its immediate surroundings. Indeed, the joint application of physico-chemical techniques for the structural determination of macromolecules as well as the possibility of preparing proteins selectively modified in specific aminoacidic residues via both chemical modification and gene engineering have permitted, in many instances, extensive inspection into the functional cavity of metalloproteins. The main goal of this type of approach is the determination of the specific contribution of each residue to the sequence of catalytic or, more in general, functional events performed by the protein. In this article we will survey some significant examples concerning the enzymes superoxide dismutase (SOD), carbonic anhydrase (CAI and, to a larger extent, carboxypepidase A (CPA). In the latter case a large number of X-ray diffraction and spectroscopic studies as well as extensive chemical modification and site directed mutagenesis experiments have provided a really impressive amount of information on role played by uncoordinated residues in the overall mechanism.
SUPEROXIDE DISMUTASE AND CARBONIC ANHYDRASE
The catalytic center of the enzyme superoxide dismutase is constituted by a copper and a zinc(I1) ion, about 6 A far apart, connected through an imidazolate bridge Cl)(ref. 1). The general structure of the site is reported in Fig. 1 .
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This binuclear center is buried inside the protein and is solvent accessible only at the catalytically active copper site, through a deep channel. In cross tection this channel funnels downwasd stepwise fgom a large shallow depression, abouto24 A across to a deeper well about 10 A wide and 5 A deep , then narrows to less than 4 A, forming a pocket just above the copper ion. Hence it follows that the catalytic activity of the enzyme is strictly correlated to the structure of this channel as far as substrate access, recognition and orientation are concerned.
In particular, Arg 143 in the human enzyme (Arg i4l in the bovine enzyme), which is located on the surface of the channel, about 7 A far apart from the copper ion, is believed to be very important in governing the enzymatic activity. Its role has been focused through site directed mutagenesis experiments; indeed, replacement of the above residue with Lys or Ile was shown not to cause any major change in the spatial structure of the chromophore (ref. 
PROPOSED ROLES FOR RESIDUES IN CATALYTIC MECHANISM
The general mechanism for the hydrolysis of the peptide bond by CPA is thought to require the presence of three crucial groups, namely the metal and two other groups (a base B and a proton donor AH) whose identity has still to be conclusively ascertained.
The mechanism could consist of the following steps: the peptide binds into the cavity of CPA in such a way that its free carboxylate group is hydrogen bonded to the guanidinium group of Arg 145 and its aromatic group is accomodated into the S 1 ' hydrophobic pocket as it appears from X-ray studies (ref.9); the carbonyl group of the peptide bond coordinates to the zinc ion possibly replacing 7 Fig. 1 The active site of bovine superoxide dismutase and a schematic drawing of the channel. 
CLOSER INSIGHT INTO THE CAVITY THROUGH SPECTROSCOPIC STUDIES
The main problem in the analysis of the features of CPA and of zinc enzymes in general consists in the introduction of appropriate probes inside the cavity of the spectroscopically silent zinc enzyme, without producing any mayor structural or functional alteration.
For instance, Vallee and coworkers were able to monitor the native CPA enzyme, through absorption and CD spectroscopy, by introducing an arsanilazo probe on Tyr 248 (ref. 15) . This technique allowed them to collect a lot of information on the way the enzyme interacts with substrates, hydrolysis products, inhibitors, and to map the sites at which these interactions occur. This led them to suggest the multiple overlapping site model according to which on the surface of the protein, near to the catalytic center, there are four mutually interacting sites responsible for recognition and binding of small molecules.
An even more promising way to study the fine details of the active site of CPA in solution is offered by 'H NMR spectroscopy on the cobalt(I1) substituted derivative (CoCPA). This spectroscopic technique permits to get direct insight into the local environment of the metal ion and to monitor the subtle changes which occur in the cavity upon interaction of the enzyme with small molecules. So,'H NMR spectroscopy, jointly to electron spectroscopy, has been fruitfully used to study the interactions in solution of the protein with carboxylate anions, aminoacids and inhibitors of pseudohalide type. These studies have allowed us to characterize and identify, ou'? of the previously mentioned four sites, two main sites responsible for the interaction of the protein with small molecules, respectively located the first on the Arg 145 residue and the second on the metal (SITE 1 and SITE 2). Furthermore these studies permitted to clarify the stoichiometry and the structure of the adducts, and to understand their dynamic properties.
The proton NMR spectrum of CoCPA recorded at pH 6, in 0.01 M MES buffer, 1 M NaC1, is reported in Fig. 4 A (ref. 16) The 'H NMR spectrum of this adduct is very similar to that of the native CoCPA system indicating that the L-Phe moiety does not bind to the metal center, but a little far apart from it, causing just slight structural changes of the metal chromophore, which remains substantially pentacoordinated (Fig, 4 B (Fig. 4 0) . In particular we observe the disappearance of signal A, whereas signals B and C, which are almost at the same place as in the native system, exhibit much broader linewidths, indicating an increased fluxionality of the chromophore. Anyway, addition of L-Phe and azide to this Azo-Tyr 248-CoCPA derivative results in the formation of a derivative with proton NHR spectral properties absolutely identical to those of the CoCPA/L-Phe/N' adduct (Fig. 4 H) . This means that the ternary complex is formed again with the same structure as before and that the azo group is displaced from coordination to the cobalt (I1) ion (ref. 20) .
Similar ternary complexes of CoCPA with azide can be prepared even if L is a carboxylate anion like acetate, P-phenylpropionate or phenylacetate (see the proton NHR spectrum of the adduct CoCPA/acetate/Na in Fig. 4 F) . The structure of such complexes appears to be almost identical from one another and substantially resemblant of that of the ternary complexes with aminoacids in the sense that L again is located in SITE 1 and the X anion is coordinated to the metal. Again the binding of both L and X exhibits a clear positive cooperativity. Structural differences with respect to the ternary complexes with aminoacids could arise from the circumstance that in the latter-case no positive ammonium group is available to screen the negative charge of the COO group of Glu 270.
RELEVANCE OF THE TWO-SITE MODEL TO CATALYTIC MECHANISM
The above reported two-site model, even if necessarily schematic, may be very useful in rationalizing the general modes of interaction of the protein with substrates, pseudosubstrates, inhibitors. Furthermore it is particularly proficuous in illuminating the structural flexibility of the protein in solution. Indeed, proteins, in constrast to the blocked picture offered for a long time by X-ray crystallography, have to be considered as extremely dynamic structures with high internal mobility. Interaction with small molecules causes important local conformational changes which bring the whole system to a general spatial arrangement favorable for the catalytic process to occur, as stated by the induced fit model. This is very clear in our case. Indeed, SITES 1 and 2 appear to be strictly correlated each other in the sense that the formation of a salt linkage at the guanidinium group of Arg 145 (SITE 1) upon interaction with the carboxylate function of the ligand triggers a conformational change at SITE 2 (& the metal site) consisting in the transition from a closed inactive form to an open, substrate accessible and catalytically active form; so the electrostatic interaction which takes place at SITE 1 appears really to be the starting signal for the catalytic event.
CONCLUDING REMARKS
It appears clear now that although the metal can be the catalytic center in metalloproteins in the sense that without it the protein does not show any residual catalytic activity, other groups inside the cavity play important and specific roles. 
